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Abstract. Despite not being designed for it, the LHCb experiment has given world-leading
contributions in kaon and hyperon physics. In this contribution I review the prospects for kaon
physics at LHCb exploiting the already acquired data and the current and future Upgrade
scenarios.
The LHCb experiment [1] at the LHC is designed and optimised to study beauty and charm
decays but has proven to be suitable also for strange physics. This, despite the average decay
length of K0S and hyperons at LHC energies is of the order of one metre, and it is tens of metres
for K0L and K
+, which are essentially considered stable in LHCb (See Figure 1). Nevertheless
the huge production of these hadrons at LHC, two to three orders of magnitude larger than that
of heavy flavours, makes strange-hadron physics an increasingly exiting field at LHCb [2].
The LHCb Collaboration has already performed two world best results in this realm: the
search and best upper limit on the branching fraction of K0S → µ+µ− decays [3, 4, 5, 6] and the
evidence for the Σ+ → pµ+µ− decays [7]. These two being decays containing muons, they are
probably the low-hanging fruits, nevertheless demonstrating that K0S and hyperons can be used
at LHCb for rare decays searches.2 In this contribution I present some prospects for different
strange-hadron searches using the LHCb data, already collected in Run 1 and 2 or to be collected
in the future.
The reconstruction of strange-hadrons in LHCb is limited by the tracking of their decay
products and by the trigger. Tracking a charged particle in LHCb usually requires to have hits
in all the tracking stations (long track) or in all but the VELO (See Fig. 1) tracking stations
(downstream track). The former limits the decay length to 1 metre while the second allows up
to 2 metres. Decays further downstream, albeit reconstructible, would not allow a momentum
measurement of the tracks. In addition to this, the trigger imposes constraints to the transverse
momenta of the particles in an event. In particular during Run 1 and Run 2, typical thresholds
at the level of pT > 1 − 5 GeV/c were required for at least a muon or a hadron in the event
in the first hardware level of the LHCb trigger (L0). Strange-hadrons are often too soft for
these L0 thresholds, nevertheless given the high production rates it is sufficient that a small
fraction of the events are triggered by the signal in question (Triggered On Signal, TOS), and
in addition one can exploit event triggered by other particles in the same event (Triggered
Independently of Signal, TIS). On top of L0, LHCb has two software trigger layers, HLT1 and
HLT2, which perform a coarse and a more refined event reconstruction, and select interesting
1 On behalf of the LHCb collaboration
2 Incidentally, note that K0S and Λ hyperons are also used in LHCb as final states in many B and D physics
analyses, in searches for CP violation, exploiting their dominant decay modes.
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Figure 1. In (a) decay length of strange-hadrons produced in pp collisions at
√
s = 13 TeV,
compared with (b) the LHCb detector scheme. In (c) the average production multiplicity of
different hadrons in the same kind of events. Both plots are obtained with PYTHIA Monte
Carlo simulations, and are from Ref [2].
events for subsequent offline analysis. These levels are more customisable than the L0, albeit
having to respect tight rate requirements. During Run 1 (2010-2012) no dedicated trigger was
present for strange physics at HLT1 and only for part of it a dedicated line at HLT2 was added
for K0S → µ+µ− decays. In preparation for Run 2 (2015-2018), different inclusive and exclusive
lines were studied and included in both HLT1 and HLT2 [8] allowing about an order of magnitude
increase in trigger efficiency for strange decays.
The data collected so far by LHCb correspond to about 10 fb−1. About 50 fb−1 are expected
to be collected in the LHCb Upgrade phase from 2021 on, and there is interest to continue the
experiment at high luminosity with a future Upgrade, possibly reaching 300 fb−1 [9]. This
will allow unprecedented statistics to be collected for heavy-flavours; while it will be represent
a challenge to keep triggering also strange physics, the highly customisable software trigger
from the Upgrade phase on will allow to target with exclusive lines all the interesting decays,
reaching efficiencies which could be up to 100% evaluated on top of offline selected signals.
Therefore prospects for different analyses have been prepared taking into account these possible
luminosities and efficiencies, and some of these will be presented in the following.
One of the most interesting decays in the short term, will be the K0S → pi0µ+µ− decay. Its KL
analogous, K0L → pi0µ+µ− is very sensitive to physics beyond the SM, for example it has been
studied in models with extra-dimensions [10]. However the SM prediction still suffers of a large
uncertainty yielding BSM (K0L → pi0µ+µ−) = {1.4±0.3, 0.9±0.2}×10−11. This uncertainty stems
from a limited knowledge of Chiral Perturbation Theory parameter |aS |. Luckily, this parameter
can be extracted from a measurement of the K0S → pi0µ+µ− branching fraction. The latter is
currently known with about 50% uncertainty from a measurement by the NA48 Collaboration,
B(K0S → pi0µ+µ−) = (2.9+1.5−1.2±0.2)×10−9 [11]. Any new measurement improving this branching
fraction would reflect in the K0L → pi0µ+µ− sensitivity. The sensitivity to K0S → pi0µ+µ− decays
at LHCb has been studied in Ref. [12], with two different reconstruction methods: one with a full
reconstruction and one without reconstructing the soft pi0, which poses difficulties in the LHCb
detector. This partial reconstruction still allows a good invariant mass reconstruction assuming
a dummy pi0, given the very low q value of the decay. Signal efficiency is studied with Monte
Carlo simulations, while backgrounds are studied in real data. It is found that, depending on
the trigger efficiency, LHCb can be competitive and improve on the NA48 measurement with
about 10 fb−1 of Upgrade data.
A second group of decays which will become gradually more promising are 4-body leptonic
decays. Again, it is the K0L mode to be the most interesting: the short distance contribution
to K0 → `+`−`+`− decays is sensitive to new physics, but, as often happens in strange physics,
it is dominated by the long distance contribution uncertainty. However a measurement of the
interference of A(K0S → `+`−`+`−) and A(K0L → `+`−`+`−) would give a measurement of the
sign of A(K0L → γγ) which is a stringent test of CKM [13, 14]. While the K0L → `+`−`+`−
have been studied by different experiments, no experimental constraints are present on the K0S
modes. Therefore despite the rates are expected to be very low (B(K0S → e+e−e+e−) ∼ 10−10
B(K0S → µ+µ−e+e−) ∼ 10−11, B(K0S → µ+µ−µ+µ−) ∼ 10−14) any limit approaching the SM
rates would be a test of new physics.
As a proxy for these decays, the K0S → pi+pi−e+e− has been studied at LHCb [15]. If one
considers Run 1 conditions, as expected, the efficiency is limited tightly by the L0 trigger.
Nevertheless, given the high branching fraction, B(K0S → pi+pi−e+e−) = (4.79 ± 0.15) × 10−5,
a yield of a hundred signal events per fb−1 could be expected, with a very simple selection.
Dedicated HLT2 trigger lines have been deployed in Run 2 and will allow for a first proof of
concept. Upgrade trigger will instead improve the efficiency on this and related decays sensibly.
In the ideal scenario of ∼ 100% trigger efficiency, with respect to offline selected events, of
the order of 5 · 104 per fb−1 K0S → pi+pi−e+e− decays could be observed. Since one expects
similar or higher efficiencies for the K0S → `+`−`+`− rare decays single event sensitivities of
order 9.6 · 10−10 over each fb−1 in Upgrade conditions are expected.
More comprehensive studies, albeit less detailed than the ones presented above, have been
done in Ref. [2], using approximate simulations of the LHCb detector. Dozens of decays have
been studied between K0S , and hyperons showing that LHCb will be in the position to give
many different contributions to strange-hadron physics in the near future. Interestingly, one
can also use charged kaons at LHCb. While their decay length is very long compared to LHCb
acceptance, it has already been shown [16] that high yield decays such as K+ → pi+pi−pi+
decays, can be reconstructed and used for physics calibration. This same decay mode has
been proposed for the measurement of the K+ mass, that suffers a long-standing discrepancy
among the most precise measurements [17]. In addition, with the full software trigger of the
Upgrade it will be possible to study K+ rare decays, such as K+ → pi+µ−µ+, albeit not
being competitive with the NA62 experiment. Finally, a field in which LHCb will also be able to
contribute, are the lepton-flavour-violating decays. Clearly these are extremely interesting being
a null test of the SM and not suffering of its uncertainties. As such, they have been studied
by several experiments and the current upper limits read: B(KL → e±µ∓) < 4.7 × 10−12 [18],
B(KL → pi0e±µ∓) < 7.6×10−11 [19], B(K+ → pi+e−µ+) < 1.3×10−11 [20], B(K+ → pi+e+µ−) <
5.2× 10−10 [21]. However, using B-physics lepton (non) universality constraints one can predict
branching fractions of order 10−13 [22]. LHCb will be possibly able to reach this level exploiting
the full Upgrade dataset [22, 2].
En passant I would like to mention also the possibilities for hyperons at LHCb. Concerning
Σ+ baryons, besides the Σ+ → pµ+µ− decay, LHCb could improve the Σ+ → pγ decay and
try to access the Σ+ → pe+e− decay. On Λ hyperons, the branching fraction of the radiative
Λ→ ppiγ could also be improved and possibly access the Λ→ ppie+e− decay. A large number of
baryon number or lepton flavour violating decays have been recently constrained by the CLAS
collaboration [23]: these could also be tested at LHCb. Higher strange-number baryons could
also be probed at LHCb in order to test ∆S = 2 processes, such as Ξ0 → ppi and Ω → Λpi,
possibly improving limits by orders of magnitude.
In summary, the LHCb experiment has demonstrated the capability to study rare decays of
K0S and hyperons, and has the possibility to improve many new physics sensitive decays as well as
help reduce uncertainties on decays needed for K0L physics. With the Upgrade, the flexibility of
the new software trigger will allow unprecedented rates for different decays, possibly establishing
LHCb as a strange factory. I would like to underline here, that the decay modes mentioned in
this contribution are just examples of the possibilities and benchmarks; however new ideas area
always welcome to exploit the full potential of these data.
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